The features of eight commercially available peripheral nerve stimulators were compared with those evolved as ideal for monitoring neuromuscular blockade. The pulse waveforms were satisfactory except for that delivered by the CIG series 80 nerve/muscle stimulator. The error in timing of the stimulation patterns was up to 60% in the Professional Instruments NS-2C compared with 8% or less in the other devices. All of the stimulators had maximum current outputs suitablefor monitoring with surface stimulating electrodes. The current delivered by the CIG series 80 nerve/muscle stimulator and the Stimlocator SL1.4 sagged by 21% and 25% respectively during a tetanus. The Digistim Ill, Bard Biomedical 750 digital and the Professional Instruments NS-2C had accurate digital readouts of delivered current.
fitted with fresh batteries. They are listed in Table 1 , together with details of manufacturers and distributors. Where a range of models was available from a manufacturer, we selected the one which appeared to be most suited to clinical monitoring. Table 2 lists the features of an ideal nerve stimulator which were used as assessment criteria for this study.
The performance of each stimulator was measured into a resistive load of 0.5, 1,2.5,5, 10 and 20 kOhm. This range was chosen to encompass the impedances commonly encountered during transcutaneous nerve stimulation with surface electrodes. Detailed analyses were performed with a load impedance of 2.5 kOhm and a current of 25-30 mA where applicable.
U sing a calibrated storage oscilloscope, Tektronix model 564 with a Polaroid camera Anaesthesia and Inlensil'e Care. ,rot. /6. No. 4. Nm 'ember. 1988 Where non-squarewave pulses were encountered, or significant biphasic components were present, the amplitude was taken to be the average of the peak excursion from the baseline. 
RESULTS
The results are presented in Tables 3-5 Figure 1 displays the current output of each stimulator at different settings into a range of resistive loads. At higher settings, the 'constant-current' devices (Fisher & Paykel A400, Myotest DBS, Rutter 4B) maintained a constant output over a relatively narrow range of load impedances. Above a value of load impedance determined by the maximum voltage available from the stimulator and the current desired, the output fell progressively. At low settings, the current delivered was load-independent over a wider range. The non constant-current devices produce a loaddependent output at all settings.
The Bard Biomedical 750, the DigiStim III and the Professional Instruments NS-2C provide separate low current outputs for stimulation with needle electrode and nerve location.
A 21 % reduction in current output during tetanic stimulation was demonstrated in the CIG series 80 nerve/muscle stimulator ( Figure  2 ). The output of the Stimulocator SLl.4 sagged by 25% under similar conditions. None of the other stimulators exhibited this phenomenon. burst (DBS) every 20 seconds and post-tetanic count (PTC) every 6 minutes. In the DigiStim III the TOF could not be repeated more often than every 12 seconds or single twitch at greater than the specified frequency. The lockouts in the DigiStim III were inactivated by switching to the standby mode.
Accurate digital readouts of the current delivered were provided on the Bard 
DISCUSSION

Construction and layout
Ideally, a nerve stimulator should be light, robust and compact. From Table 3 Myotest DBS, is a useful feature. Apart from the Professional Instruments NS-2C, which has an aluminium case, all of the stimulators were housed in high-impact plastic cases. The ergonomics of control layout is an important, though often neglected factor. A mini key pad (Bard Biomedical 750, DigiStim Ill) is simpler to use than multiple toggle switches (Myotest DBS, Fisher & Paykel A400). Visual indicators should be readily visible, not obscured by the operator's fingers or other controls (Myotest DBS).
Correct stimulus polarity reduces the current requirements for supramaximal stimulation (SMS), I and should be clearly marked on the output connectors and leads.
Storage of the battery in a separate, robust compartment is preferable to having to partly dismantle the unit for replacement, as in the Professional Instruments NS-2C and the Rutter 4B. The Bard Biomedical 750 battery drawer has been prone to fracture in our expenence.
Pulse waveform
The basic pulse shape is an important determinant of the accuracy of results obtained from peripheral nerve stimulation. It should be a unipolar squarewave with a duration of 0.1-0.3 msec. If the pulse is too short, the current required to reliably depolarize the nerve is increased. 2 A nonsquarewave pulse or an excessively long pulse duration may lead to repetitive firing of the nerve. 3 In addition, direct muscle stimulation becomes more significant as the stimulus duration is increased. 4 Both of these phenomena lead to an exaggerated response to stimulation which may cause underestimation of the degree of blockade. The CIG series 80 nerve/muscle stimulator had a pulse duration of 1.7 msec, which is not suitable for monitoring of neuromuscular blockade.
The remainder of the stimulators tested produced pulse waveforms satisfactory for accurate monitoring of neuromuscular blockade. Differences detected in their pulse rise-times were thought to be clinically insignificant, as were the delayed, low amplitude, biphasic components noted in the Bard Biomedical 750, the DigiStim III and the Professional Instruments NS-2C.
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Maximum output
Supramaximal stimulation of the monitored nerve is mandatory for accurate evaluation of neuromuscular function. 5 Inadequate stimulation may lead to overestimation of the degree of blockade. A stimulus intensity in excess of 50 milliamps may be required in order to provide SMS of the ulnar nerve with surface electrodes at the wrist. 6 This current should be achievable into a load impedance of at least 2.5 kOhm, since impedances of this order are common in clinical practice (personal communication D. Clare).
In the past a number of commercial nerve stimulators had insufficient output to reliably achieve SMS with surface electrodes. 5 However, all of the the nerve stimulators tested had a maximum output into 2.5 kOhm in excess of 50 mA.
Adjustable output
The current requirements for SMS vary between individuals. Although some adults require up to 50 mA, SMS can be achieved in the majority of patients with between 20 and 30 mA. 6 The routine use of high currents may lead to underestimation of the degree of neuromuscular blockade due to repetitive nerve firing and/or direct muscle stimulation. 7 One of the principle short-comings of the Rutter 4B is its fixed high output of more than 50 mA.
The stepped output control of the Fisher & Paykel A400 allowed less flexibility than the continuously variable outputs available on most of the other nerve stimulators. Calibrations on the output control dials were of limited clinical value since, except in the Fisher & Paykel A400, the relationship between 'dialed current' and delivered current was poor (Figure 1 ).
Pulse indicator
An audible pulse indicator (Bard Biomedical 750, Fisher & Paykel A400, DigiStim Ill) provides confirmation that a stimulus has been delivered while freeing the operator to observe the evoked response.
Visual indicators (flashing LED or current display) may distract the operator and are difficult to see in some instances (Myotest DBS).
during the initial setting-up of nerve stimulation to determine the initial threshold,6 or as part of a PTC. Single twitch stimulation at 0.1 Hz is impractical for clinical monitoring since evoked responses must be quantified against a control response.
Double burst stimulation
DBS is a new stimulus pattern, which is being developed to enable accurate clinical assessment of recovery from neuromuscular blockade. This would overcome an important limitation of peripheral nerve stimulators but as yet its efficacy is not proved. This stimulation pattern is only available on the Myotest DBS.
Post-tetanic twin impulses
This recently described stimulus pattern appears to allow quantification of even deeper levels of neuromuscular blockade than the PTC. 19 Inaccuracies in the timing of stimulus patterns detected during testing of the nerve stimulators were thought to be clinically insignificant. The 'lockouts' provided in the Myotest DBS and DigiStim III may improve the accuracy of monitoring' by reducing errors in technique.
Battery check
Except for the CIG series 80 nerve/muscle stimulator which had the facility for a mains powered battery eliminator, all of the units under test were exclusively battery powered. Although this confers the advantages of portability and electrical isolation, weak batteries can lead to timing inaccuracies or reduced current output.
An indication of battery state is desirable. A simple 'go-nogo' indicator is probably more helpful to an unfamiliar operator than a readout of battery voltage. A 'battery life' indicator may be the most meaningful way of presenting this information.
The Bard Biomedical 750, DigiStim III and the Professional Instruments NS-2C were provided with a battery voltage check. The Rutter 4B, CIG series 80 nerve/stimulator and the Fisher & Paykel A400 had visual indicators of low-battery state. The Myotest DBS contained an audible low-battery alarm. The Stimlocator SLl.4 had the least clearcut indicator of battery status. It required that a Anaesthesia and Intensive Care. Vol. /6. No. 4, November. 1988 subjective comparison be made between the intensity of the LED output during battery test and tetanic stimulation.
The DigiStim Ill, Bard Biomedical 750 and the Professional Instruments NS-2C exhibited most of the features desirable in a nerve stimulator for monitoring neuromuscular blockade. The CIG series 80 muscle/nerve stimulator is considered unsuitable for such monitoring.
